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Level Winds, Pert One Morecasting by Voetieity Peoutques, oe pubticherd far 
the informatlon and guidaner of all concerned 
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getiornl heading cf “Porceneatiog Up qer-Level Wind Several part are in cif 
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ateere, Corecnalieg hy ddnermatia fochaiquon, and ourae ol faesimile eharta ‘Te 
expedite their datibutian they dl be parblinhed me ley arc eompleted, without 
regen to eqaenee af xabject amtertnt  Meenume of the ggaps di dds kewl dye 
of aonlyaie nnd fareonsting af wind above O00 tb, a xeries of foclnient reports 
in belag propared Lefore aay part of tee nianal dewling wlth The laver atcatsaqdwere 
ia published. ‘“Phis Lectinioal report avrion has already begun with the appearances 
af AWS ‘Poolinient fteporta la Ke, TO O0, TS 107, wid) 1a 108, 
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relative vartleity in farcoaaling mld-feopospherle flaw patterns for periods apo ta 
72 inaies. The enrly vhaptors dent with the reeentland (onaley wines, cr long wisves 
fr thee woetarlles, nnd mipersade AWA ‘eclnion! Heport 105 00, whieh is now 
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Section I 


THE VOREPECITY CONCEPT AND THE LONG-WAVES 
IN THE WESTERLIES 


1.0. Introduction, Many of those proasantly 
ongaged in foveonatiag abartl their caroont yearn 
apis Whitt: tle qale aonearn wa with armall arnas 
wad ¢hiet-time dutorvala, ‘Teas forecasters ara 
Wkely to find it ditlemdt to tutograte Into their 
daily routing an adequate coprideratton of the 
nower knowlodye of the role of tho broadacale 
fonturea oof the opperflow patterns. Stare (4i,¢ 
pointe ont that thin diMleulty is a concomitaut of 
the nocidental way ik whinh synoptic weather re 
porting networks developed = Nos tao loug ago It 
wae quite an achieverannt far a moteorologiat to 
have at his sormmand at foresiast tine a network 
of reports covering anfficient anes to dejtiet an en- 
tires cyclone. As a rewuit tho foreorater came to 
know the oyolono and associated upper-level troughs 
and ridges largely ax phenomena that appoared to 
oxiat indypondontly of developmcle tn other asetions 
of the bomisphors. The geographical axtension of 
observations, especially upper-air observations, and 
tho atndy ef thease ohaervations by dynanne meiasore- 
loginta haa proved (whai some had tong aiapested 
that the eyedone (or antieyelone) is not independent 
of develupmnonts ie other parta of the hemiaphorn; 
rather it constitates a cogwheol i a Inrger meohan- 
iam. “Tho relationship of the ayotond to the Inrgor- 
aente-tlaw pattioraa mast thorofore hoe a part af the 
daily fewvenat routine if progeow la to be onele in 
forecasting the mationa af cyelanow and amsooiatad 
npperrede wind tolds, 

Upporrdr flow pattorna may be rognrdod phyai 
only an conating of throw tlolda:  Cranslation, 
relation ¢vorticty) and deformation.  Equatigns 
doaoriling theae cations are derived froro the prim 
tive hydrodynamical apaklons of inavlon. The 
praoticnns of aynoptic moteoralogy for many yence 


have takon ite neeonnt, at least emypdriontly and 
quonlitatively, the major oifeota of the tlofda af 
tranalation snd deformation. Wat amid) shams (050 
tha offecta of the vortiolty God bad not beon cou. 
adam in any affective wry, cither implloitly or 
oxplisitly, ‘The study of hemiaphoria aynoptlo 
oharte frat lod ton recogoitian af the siotlsrity of 
the olwearved large-scale prewure patterna and tho 
patiorns obtalied by intagrating a alsiplified form 
of the vorticity oquation [26], [27], [281 Ta the 
last. dosade great atridea have been ninde in the 
application of the vortinity equation tu forecasting 
thea mation of the largo-anaie-tlow or “long-wave 
pattorna’”’ Tao nddition, the vortiaity approagh ta 
proving valuable ip forseasting the shorter-wavos, 
Thy resnita have been asehilly applied to foracaata 
from 12 to 72 hours. 


Ll. Organization of Manual. Por tho pur- 
pores of this manual, tho dinonasion of the ase of the 
vorliviiy equation wil Le divided inte tivo parte 


a. Tho Lanortiaie on Lona Wave Pai 
‘TRMNM, and 
b Pow Seaceniediesne Srarnas, 


1.2. Vorckaity: 


1.2.0. Vorrtousy in the term need in (hild ree- 
obaniog to domed othe rotational inotion of ine 
finitesiipal fold ehanenta. The aynaptio meteor 
loyiet, however, !s eaneernod with flow pattem” 
of a acale found op w weather map, rathor than thn 
mation of ivdividies! flaid olernnva. Thoreforo ws 
will be dealing here with inean vartldty averaged 
over an acon whine linear dimeasiona are soma 
hundrods of milea, 


* Ninaleore sinlane! In Drasteta are clistlone te reforwuses lietet al the eri! of the Manual. 
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120. itenasive Vourrerty, ‘Vhe vortialty ta 

a hoarlgantal cerront ran be broken down inte twa 

ccmponnnta, ane die ta the carvature of tho atroan 

lines, and the athor die to the ahoar in the current. 

F] Au exauqile wil ihiatimte thin Consider a flowing 

as river, Hlace on the wator two etioka, one perpendl- 

: onlar do the current (A) and ane paraiial ta. the 
streamiiner af tho flaw (4) (ree fire In), 


we &: 
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Q. 


Figure tn, Soberontio Slagrace UMaatrating sere col- 
athve vartloalty. 


PRPC Semi rer sperm 


Lee. VE there In nolther curvature nar shear 
in the onrrent, uoither of the atinka will alter tte 
orimciastion relative toon fixed coombheante ayatam 
at they are translated (leansported) dowtatraan, 
Mioh wa current onn bo anid: ta have na vortlolty 


relative ta thy coordinate aystem, Now let un aa 
eumd @ harizontal shear existe in the orrent; as 
illnstrated an figure ib the ahear reailta in etlok 
(A) hoing rotated, 


- » > een — > 
oe wrens ~~ a ra 
re er 
' 
, Figure th, Schematia dlagraon tastruting positive 
(ayalente} vartiniiy dae to anor. 


127? Vhe vortieity re gener! is the aime af 

H the cotationa af the two stieka ia relatian ton lined 

eaordinate avatoin ‘The vorticity ie Chen naid) ta he 

rehitive to thin soordinnte ayaten (Rotation is 

the change in rage per time nat.) fe the esac ahava 

anly ihe stick aarnial te the streamline will rotate 

and it in acon thal the veartioity in equal to the ahonz 

af the enrront. Noxt anne that (loro ia no ahoar 

dat that the etronidlnes ef the (law are curved. ‘This 

roaulta ip on rotation of atlok (DB) aw Wluatratod: tn 

4 lignes te Note that mfick (A) dora not conte, 
A me nineo the ahear la sero 

19.08. For davy aperatiaual ase io woather 

nontysin and fauroonating, the rolative vartisity fletd 


x 


C. 


igure le. Nobematio dlbegrars Ulnetratheg ponlttye 
foyelombe) vorticity ane te eservalare, 


of atmonphorio flaw patlorna (i.e. audativa bo the 
oarth'n aurface) inmy be ovainated from the curvaniee 
and eprelng of contours on canatant-prommire mie 
fava 

1.2.2) Ansonern Varnerry. lowaver, the ida 
tity whiok appenns in the vortleliy equation da the 
abachite vartlelty. he vorticity equation, helng 
derived from Newton‘a seoond Law, af inotlon, 
tinal contain tonmnn doseribing mothon with rafer- 
once to calestin’ coaurdinates, 6 0., with respect to 
the earth's crientation in space rathor than with 
reapent to the earth's mirface, Slnee the earth inn 
rotaling apherold, all polita on ita surface oxcept 
(hore on the equatar, have & component of esintion 
arouttd the looal vartloal, The magnitude uf thie 
component of ratetion lea funation af tagttude and 
ia equal to the Carlolia parameter (2 0 aln ¢), ‘Vhe 
abaolute vorticity in thon defined aa the man of the 
Corioila parameter and the relutive vortieily. 


1.3, Largor-Scala Patterna.  Nisaby invewtl- 
gated nicans of obtaining an equation which wauk! 
Rive ihe apend of inovement af lazge-sente waves In 
the atmoaphers. By “lncge neato’ he had ie want 
thon waved which wore of 40 te E20) lanwitiade 
degrees bi tenga ‘To obtava the wave apeact, hes 
used the vartielty equatlon with several saunplifying 
aaaiptions some Of whieh are seven (2Op ito in 
important to know whit most af Chose aanainptians 
niu. “The open Hacussed below are thom with which 
we are directly concerned when apptylng the lang: 
wave or Tlopaby ecpiatdon tia farecaating. — Hoashy 
conalderod that the wave motion wna taking place 
ib own atroosphore with oa beriartal temporetiure 
wradient (witels constant lin directlan and volanity 
with holght tram nurface te tap af utmonphero) 
This in entled a single-layer bacatropic atmosphere. 
For the practionl hraplientian of tine assamption 
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aoe uerngraple 2.0. lowhy alsa mencaikl that the 
law pattlorna in fbia harotroplo alinoaplince Gun 
tialied pe intern! akear, "Phin raecana the reiative 
vniieity de given aunty by the mirvature af the 
strematiis. Another maiiiption was that thin 
flew patterns in alansoldal and: of small anplitude 
wee par 2.10025. barther, be samined tliat. tli 
ubaaluie vartloity reniniped eanstant with line 
whieh meant that changes of relative vorticity (he, 
af eurvahure of Uo etrnagilingd orenr anty when 
Lhe Caringe pmranioter nhanges. 

Vho equation for the wave apace (lint Mosby 
dhortvascl tes 


(de ~V An*/4s°, whnre 


oo wave ape, 
UF om anal wheel 
apedt), 
2. @ aching obaneved wave fongth, ace 
9 erate of change northwan of the 
Coriolio paraiioter 
Zw ferme? in wtitets 
K 
wom aogifar apaed ol che oath, 
o @ tallbady, amd 
Bom crrlivta ol the earth 


apeet  (woal-wiod 


Hone be acorn from opnation (1b) that the wave apo 
en Ginetian of the apo! ef thea west wind, the wave 
length nid latide. Determination of there quian- 
Utlow in dinounsed ta aention UT, 
For atatioumry waves (c=0), equatian (1) ny 
Le wotter in the form 
(Wy Um A ht/4e?, 


whore “, (the atatlonnry wave length) ian fiunotinn 
uf the atrength aml postion of the manl whid 
streaca, and ciny be used punveniontly to represent 
the wave longth uf a livpotiation! atationnry wave. 
Hlitninsting (7 betwoan mquations (tf) aml (2), ¢ 
boomnea 


p 
(8) ¢ (9 14), 
4s’ 

In equation (4) the wave spool as gives, man 
funotion of the adilferonece of the quince af the 
hypothetioalstatiounry (2.4) nod ohaneved (1) wave 
longthas, and Gf the Jatitade.  (urthes, sare pariaot 
of those two wave dongtha will indicate whotdies 
the wave ia 

atatlonary, {how boa wo ih, 

progehantven, ao be > th, 

ne rotrograde, (le Ee oO 
In applying the loadhy equation Gur the unition 
af atmospheric wave patlerna, it ia naceanary tn 
keep dn raed die faet tha the moutian deanrttied 
in that of large-nuale eyaterin i 0., of waver whore 
wave Jength nnd nonplitide wee dare onough that 
the variation of (hn Coron pacnimoter with latitude 


. 
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ia Gf Fopartanoe dr sletermnining the wave dynunnites. 
Those ava called tha long waves (or mayor toaor|) al 
may he define! na thin xtnoaploric waves of ro- 
lativaty Inege wootitiidle wital: oxidant in depts theo 
the tropoaphere aod lowor slratuphirre (aoe Roeaty 
[27], Nomina [U8f, Pults [12], end Creasnan (7). 
They wre aasoolnted with warm tropospheric ridges 
and cald troposphere troughs found: in the mid 
Intitiude weatertion,  Thoir horleontat arnptitint: 
jnerenwes with height ti the broposphans, ronehiage a 
Indi oat the trapopanae, aml ilwercases with 
tetghit in the abratosphoere. heir oration in etow, 
wldam ascending (slong. dog per day. ‘they often 
remain cpinat-atatiouary for periods vip ton wonke or 
rave Dine te thin slow mation tinw offea appear 
aw wavee of large amplitide on Goalay mean upper 
level charta 


The ddetbithowtiots ef dbo bong wives ae dow devots, 
partioulnrly wi VO tale nid below, ba mnadoe diftinultt 
by the pronounced of the rapldly moving, smeatlor-eenty, 
wart traigla and cold rldgon (airnor wares). Niner, 
thie ncinor wavea devronse ti anplituedy with balglt 
tho boat level for the blontiliontion of the loig waves 
is near the tropepnnae (S00 mii er 200 mb) whore 
thelr amplitude ia greatewt. Owlng to the lnok of 
high-level data aver much of the bemlaplery, the 
SO0-mb chart. la enrroutly usol as the Uasin oliact 
for the atudy nol qontlynia of the long-wave patterns 


In order ta aso tie equation (3) aaa tool for fure- 
caating the long-wave mation it is necessary to linve 
domo hlea of tho future varintivas of &,. and of 2, 
The problem of forcensting Poe on very diteull 
mmo, and tina ot bean solved gatiafactorily. Hownver, 
it lias been alow by Crosaninas (7[ tliat vierdiationes 
of 1. are gradual, havior litele effret on a foreenet 
fur lor 2 daye  Adthnugh poraistont brenda in this 
values of £4, can occasionally be doteotod wind ox 
trapolriead, moat of thy short torn: (f2 br ar 24-hn) 
varinwions in i. stnewn by the amputation are dire 
in irregalaritien tn the asalyeia, canncd aimintly ley 
lnck af data, and are not aygnifieant. be feet, ane 
ort often obtain the moat represciulative vale of 
L, by avoragiog the valine von puted fro threo or 
four sivenasive P2-he ninps. be tla regaitar forecnat 
routine thea, ©, may be oniaidsret aa macy ean. 
ataut. 


The variation of notunt wave-longth ean bo Care 
nash toon eertaut oxtont by we binatioont tno whinh 2, 
ta naniqiod tee lmve os mouthinona vieriation atang the 
x (wort-oant)- asia (Crominan [X] 0 ‘The prnesient 
application af varinbions io nedunk wave-length are 
sdiaenanedh in decieos U1 
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14. Srnaller-Soale Patterns, ‘Tho uso of ad- 
veotian of relative vortleity Gu which both shoar 
and eurvatur are conaidored) ia helpful in fore. 
canting the sinaller-eoale wave pattorne, The 
prinoiplo tivolved ja that the motions af the amallor- 


we 


soale troughs and ridges ia the mid-traposaphera 
are clasely associated with the advection of the 


HOamnb relative vorticity Weld. ‘Thia will be dia. re) 
gunned da aoolion Ei. 
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APPLICATION OF THE EQUATIONS 
FOR WAVE MOTION TO THE SYNOPTIC CHARTS 


Se es te eee re eee ne 


a ee ee renee RE Ae aM a ean 


A. GENERAL PRINCEIFLES 


2.0. Kagquivaleat Baroteople Level. ‘Uh prin- 
cipal ditticulty eacountored do the nppiieation ol 
equation (3) to the aynoptio charte ia cauaed by the 
inoromin of wind with) hoight iu the actus! bare- 
oHinle mtinospbero, since equation (3) wna derived 
for » ainglo-layer baratrapie atmoapboro, | “Thais 
UiMeulty ta surmanntat ky the application of the 
nomputations to the oquivahnt harotrople love, 
A dhussion of thin question has boan given by 
Charnsy (4) aud by Charnny and Whaaen {6}. 
Thoy have shown that “an pytivalent-barotrapla 
atmoapliore car be ilotnied, whose motian rorriw 
ponds to thy motion of the barostinio atmosphers 
at a certain lovel.” A considerahle mmbber af in- 
veatigelions by Charney (8]) Charney aod Eliassen 
{5}, (Uanrney (4), Croasmion [7], and Pahnén and 
Newton 122) has nhown that the level in question 
Is very nent MO mb Tn forannating praction then, 
the statiansry wave loogth ia evaluated from the 
winds at O00 mb. ‘This is dans by working dowie 
frou the 50Gb ourface, aa dowerithed in the Ar- 
Penix (par, Ald) 


2.1. Cettorla for ©, fa determiving valuon af 
fi, froma the appor-nis charta, the following criteria 
should be uno: 


a. Phe nrven on the obart, over which 1. ia 
computed and tcoho applied, ahead contain na woll- 
Cebned and contiimoun boll af woatortion, in whieh 
tho long wave pattorn in quieation ia loanted 

fh. The atos over which J, ia ouapatad aboald 
inelude abaut 120 tong. deg Com putationn ana 
sid) ante, 0. go, for nuotorn of afoul BO tong. duy., 
will dachide dowd than ane weave loagth and will be 
wuroproaoatative of large-rnonle ecanditions They 
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will andaiy onapdianise colatively local noneditionns 
yo nommjer trough, or in a anmajor cllge, On the 
other tiand, ocraputatiow tlist wee miade rome 
the hemisphere, auch as for the sonal whid apead 
(U7 In oq. 2) whiokt is uveraged fir tod intitunte and 
longitude aoctors (noo Avrennix), will not te very 
uaefal in view of th polar rooontrisity and wave 
form: of tha wosterlios, Mor nxamphty, it is obrcrved 
that tho wostertion ovar the USSIt aro usually mich 
farthor north than thaw over the Pace.  Uniler 
thom conditions tie competation of the soul wiitd 
apeod avernging aroun) ths hegiaphore at one fati- 
tude wontd pat retleot the Cull atrongth af the wostar- 
ling, "Therefare, a 120-dogroe sectiu baa beon found 
the best. ohotee in praotion, if computations of 
OU nnd 2. on w heniapberic soake aro demred, thoy 
nan be made suparately for throe 120) long.-cdog 
sectors, 

0. by, should be computed for a eonods af 6" 
latibide bolle nevering a range mitfisiont to inehide 
Hie belt of wasterlioa (usantly 28° 60 N). Next 
ong nowt chose the purticular 1. which beat re- 
prownts tho nisin core of the  woaterbios 
flowover. whon the waves of tho current bave 
unuMmially lacy ninphibude, none of the 6°-betitnibs 
Delta for the (20° sector aay be aifieeutly repre- 
Hentative tac be umohiat. A judioidm xeloction of the 
120 long -dog. seotar ia deeded to fallth tha require- 
jnont satinfactorily, 

MooTL fe setnatione clwerved that bwo surrentas 
of wonrtorlion, both having sonaderablo atreiagth 
nt AW nb will be prawonk at diferent average letl- 
tudna, Whon tlda noours, the sompitatian ad the 
atatlaaary wave dongth for thia sector amy be tas 
roprmontatives of otther eurreni. fa nny case if in 
vitvisahle to inapeot the nppercniz oh rte nlosoly 
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reo aee that tho letituute at whieh the atatlonacy 
wave lougth ia camypoited oocroapuntia ta am well 
delinod ruarreut af wastorlios, 


2.2.0. Voeriftenthona. Soevecnt yorifinations have 
tent taade ol eqaatlan (8) for pasriods of Gram U4 to 
7TZ haan It bas been shown by Cromannn [7], aad 
dan hy seme uapublished veriflintions tlad when 
ecauation (3) in ueed on tho vanjar waves, with i, 
computed Cron the winds at G00 mb, the average 
alwolatoe orror (i a., without regard to sy) iia the 
verilicatinn of is 24-hour ferennat, af tratith cae 
two oan) throw longitude 
far poriula dn oxneas of 24 hour, the 
nhange af wove loagth wille time maid be tebe dite 
avemet, This cao be dane by earpatiag the tobi 
Vinplncement io Z4ehour steps Par mucho a rea 
soitation Uf. t@ necoanary that at lonsh woveral of the 
long waves shaw an the ebiart. 
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Vie comnguiteah vermin cbeervenl tbalay dllsplasemont la mbwi foe 
taot toot the onter twa aladting Hone enoten all the polate having 
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Bigere 20. Mentuléa of SO tents cf Crestagta resettle, 
sareocgetdral Craseee cegusathun (4), reg fortes meeverrest 
Ctee Messe ofsmsce wave teeth for T-tree, pertoda 


230. A) veritiention of tho Tomy equation 
taking, inte econit the change af wave langth with 
tire Cor 72 tine perros, aa desorbed! ly Ceroanuna 
18], gave ibis remulie showo la gure fa, Piffy eora- 
pulatians af D-day trough diaplaeenenta were made, 
leat with aovernd rostefetions. “Tho feat roetection 
wre Ghat the sttuationa ween solorted fans to tae 
chile only anses where the long wave putbern wa 
canaorved Uhirongh the period. A] ehinige ta the 
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general strictuce of the puttera ac a change af the 
wave ninnhor (Latal niaraher of qiayor waves arauee 
the hecaisgdieere) durlig the pari was aoavahlerod 
auffisiont to prochaly a tont. Alas axaladod fran 
the loathig were stluationn woe the menairemap! 
nf wave fougtha or of dlaplacseaat waa diflividt die 
to the obesoweag of caajor fratie ley mite trong 
of unusually large mephitide. hla eliininntad 
those pattorna where the easter trough reteogrased 
hiring the tas porlod, since the large amphiad af 
the rainor troughs present danag the reteagreasion 
of womajor trongh vamielly made the measurement 
af trough spoed tarpansible 

2.2.8. Che wvernge nbsolite valine of tte errors 
repromntod in liguie Ze la ale doug. deg. Anathoe 
tom wan meade on the sain dude ly telpling the 
trough tiaplavoraent abaerved in tho 24-hiur perlod 
preeeding tho farenant period and usireg the reat 
ing, valio ana foromnat Vide method ead to eval 
ated aay 42 af dhe patter: Vhe previnaw 24- 
hour trangh diaplaceaont could nat he ovalie col 
far mght pattari due to variown rengona ‘Vila 
mothe of forseaskiag gave na nverngo alaolite 
ervar Of TS long, doy. far tha d-day dinplacemerc., 
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Figure 2h. Hypethettoal long-wave pastors an spon 
an the 6O0-mh ehart with wave leorth inarcastag 
upstream. 


2.3. Effect of Variation in Wave Longth. The 
mothod of taktag into acseant tho variation of wave 
fongth owhin eaaputing thagdacomert af Ceovughe 
hoyord 24 laure follawa, 


hn. dnercaaing wave length wnatream teruta ta 
decelerate traugh movement. Vin figure 2h, the fact 
that dy in greuter tha 2, will decelemtas tha meave- 
mont of trangh Po Comecderiig a Gonatant xeiunl 
wind (1.9. cemptant atvtioaary wave length) in 
eqnation GY). it cag bo gee that trough b will ive 
farthor Inn 24 hiwr peril than trangh bi ‘This 
ta lrewnaa (fe 205%) Ik grontar thon (Lak fy). Vhin 
differential osetion of tcaighs beat TP will romlt ine 
Hy inereamoag with thao and a corcesprnding dn 
ercenc in ha" fat). dibeo the apocd of trangh bin 
dutenamed Tae equation GD hy (he £4), a dn 
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oroane cf thin quantity will remilt in trough | alewing 
down, Similarly, trough EP wilt deoolorate nines 
fia da dens than fay 
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Figure 26. Hypothsilval fong-wave patioris aa sens 
ant the S00-ab chart wlth, wave lest drorcantany 
psiconrar, 


hi. Decreasing wave length upatrean tenda to 
arcelerala trough movenent  Fallowing the snare 
govoral renaming an in (a) above, conti be seo in 
Wig. 2e that (i! Li) le lens Ubau (2 fs") whiols 
remilta tu Gy, docreaalng und (la* Ly") inoreaalng 
with thine, ‘This, of ecaizee, secolornten tho rave 
inet of trangle E. Ahoilarly, trongh PT wlll avevle- 
rite when (oe ligt) la lowe than (L." La"). 


The effect of Inoreaning ar decreasing wave 
lengthe upatream can be oldained bey compating 
trongh Wlaplieomont In 24-hour stops. ‘Thin aan 
he dane by toni oy (in fiyuve 2h ar 26) fur ecanput 
ing thy diaydaoomunt of trongh | for the first 24 
hours, and by uaing La for trough To wnd Ls for 


trongh FUE ‘Poe renting new trough potions 
Wil them bo aanoolated witle new vahies af wava 
longth at the ond of 24 honra, However, in order to 
obtaite tie wave length betwoon trongha PH and EV 
after 24 hours, sone naininplicn about tlie motor 
of trongl TY is necessary EP none is made, the clis- 
fdacenmot of trove HD for tha second 2h hates 
can not be computed. Tha displacement of veouglies 
fend HP for the mesond 2 hoard enn he computed 
by nse of the new velaen of La red Ly EE a new 
position fee trough EV after 24 hours i nmninced 
hy sone mance (ot diacumed hore), a usw valie 
for Fs Ia available, nnd a poaltian fer trough tbl 
ente alaa bo cosgaited ab the ond al tiie secand 
24-hour ported, ‘Phe mame process ran bo repeated 
glving the trough positiona ato the ead af the third 
24-hour period. For exainple, tho distance between 
tranglia Paud EP at the end af 48 baure would give 
thy naw wave length to be used in akiatiug the dis 
placcinent, of trough U for the third 24th period, 
If none oeedtion te assamed for trough EV for the 
first AH hers, campaitatiann for the entire thren 
poriods ern bo mide for traagbe dT, EE, and TE. 

Hf no agminption ia nade about the mation af 
frongl EY, 48-hour diapiacemonts can Lo abtained 
anly far trongbes Doand TE, and a 72-hour claplace- 
mont only for trough | However, if the rogalar 
wave- pattern exctordis ccanplotaly wrannd: the heain 
phere, no ssauaption nbant the ietlon of any 
trough nvod be ined 


B. IDENTIFICATION OF THE LONG WAVES 


2.4.0. Space-Moan Charta. An poiidted ont in 
nection Fo opar. 03. idontifiention af the long wavea 
ta minds difienlt by the presence af the rapidly mov- 
ing minor waves, ‘The enpanemenn chart, develaped 
by Pydrladt (U1, lowe grove) vary useful in identifi 
ention of the bang waves Thi ela ou obtamed?® 
by avoraging a given Qa clit diagdaced! aon 
tain diatunce in four different diveotions, ta the onds 
of the grid ahewnin figure 3S orf fany copios of the 
aie OOO nab chart wero vlesed al the oudn of thin 
grid, added together graptdeally, and the mie di 
vided by faur, the remitting chart wsoakd te the 
apave average desired 


#48 ‘Vo iiternret. the remultiag apaeemoan 
chart, one abould clanaliae the grid AQCD EN, of ti 
ore 2 inkd opon any point of the orighoal chart. 
The (OOeab hisighta at the mda of Lhe grid ar 7,4, 


* Pie the detadle of sonsleuabing thie chart, eon the speands 
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View nas rretncglne repavaant fons diMeret been (ona tes the vilginal 
ft ob abart 
Figure 3. Spave-toran arid (AR « WE =~ CR] DR 
160 nawdrical miles). 
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Zn, Zo, and Zo, with the huight at le being Ze. Vt 
man he saen Lliat the height alo the vorresponding 
point oun the apweesmonan chart i lg (Za + Zu 
4 Bo + Zu), which dy ecalbal 2a. ‘Phe apace monn 
rhart in afte onlled the 2 (ee har’) elmrt. Vt 
linn toe chetesaaned fesma sony sonalderationa thst 
nw ogrtd alae Cllatnnee fram Po te nney of than ovtaileles 
polita) of 64 nantion! oviles ie the oooat anefid, 
With wo ogrbl af thin sims on finda that the anal 
amplilnde, rapilly meving otiaturtineea are ay. 
prage? out nnd chi net apport on the apace nen 
tbart, lnaving the large senhs shiwly nsevong nve- 


tema, ionluding the long woven. Tn thoy bang wave 


oxnmiplos whiel: follow, the 2 charts will bu shown 
no well na the original 6000nb eharta, 


2.4. Ueight Profiles, ‘Tho comabrontion — of 
height protles haa alee been fone helpful in thy 
identalivation of tho long waves patterns. eight 
profilis can he drawer i thos taro of graphy of lie 
litiide af in given 6Ktinb couteur, aneh ime 14 100 
feet, aginst longlinde, ae in the form of ow gengel 
of OtWtits beight anton given Intitude ctrele against 
Dingitade, or the “domuheand -cidgoedingedn’ aug. 
grated by Tevemdllor (1p Plies prilites pepromnt. 
the turgeswnles patterns na enaity  vianallanl forvo, 
mrwill be nea from the exunplos, 


C. EXAMPLES 


2.6.0. Progression of the Dassg Waves. Irn 
greselon (eaalwant noovemeont) of the loug waven ja 
vaually fio in naneeiation with relatively abart 
wave-lengita aad wollalefine! aajor trangha anil 
ridges in tho midith aml appar troposmphorn, At 
Lho surface, Lbore ant untelly only one ot hwo prone: 
nent cyclones aseoolated wikb each major trough 
glaft. Unulor tho forward part of nach inajor ridge 
there Is mmually no welldevclopod surfaee antloy- 
elone, moving Lowerd theorart oor epullesaat. Thin 
24-hour height changed at oppor lovela ually live 
® oone-to-rony naspolatian with oujor troaghs and 
ridges (o. g., motion of omsxlinein toight fall ane 
rise areas ansocintal reapoetively with major trongh 
and ridge motion) ‘The tracks nf the height-change 
ountera depend on tha movement and changes of 
toteumily of Lhe long waves, wind often aren sone- 
what. erratic. 


€6.¢ The situatlos of 13-065 January fOAT (igs, 
4a-J), la proavinition) is AN XX ASIE Or A PH e 
WIV LONG-WAVE IAEPNIN 
of the tong waver ds inades on the S00 sab ebeert, tha 
twiesurface ebarte, Gyno 46 nid fy, are alow nes 
my todienton of the relation of the marie: pstlernes 
to diane In tho rpper air 
Bly rand wal apened anil statonsscy wove bogth 
are showa li figure dd “Phere ta one produminsnt 
weat-wleok oenrrenst de the aeitie, witir asc 
apionda ab dtl do°N Ab the weal conet of North 
Atnorlua, Ghia orerent apllta tate (wir nonxhun A 
onrraw murent thowa reroas Carns, while a bool 
eroone le famed ayer the southorny Cited fiates wid 
confining acroad the Adianutle. The mong: will there 
fare he Commodore! to contin @ predaindiai sar 
rant af woatorlieon with mvernya Intitudes of 40 


Althoogh the anolyris 


Tho comguited valve of 


IN in the Paette nimd 4 4 aver the United 
Hintes nil the Athletic ‘Phe norkhern arrent 
nerond Candis will nal be nennlilered in bln ihn 
Iration, At the computation Intltudea, aantlond 
nhove, the mejor troughs are Gaal at da7"E, 
HOE? W, PW, wed GOW. (Hie tig. de.) 

2.08. Vn thin osm, thors la tible room for 
doubt aa ta the loontion of the major tranghal The 
aprcn-mnean rbart, figure 4a, prosonbed for ian 
paricon, vlesrly shows tho long-wave pattern at 
mildhile tntiles® ‘The valnen of the alationury 
wave Jongth fron Ngurn 4d are at lang. dog for the 
Pacific aul 72 long. dog. for tho Unitinl Histon am 
thoy Atlantie. One of the long waved ovirlapa thie 
two sones used for computation —from tha Gulf 
ot Aluaka to tha Hocky Muuntisn agen, 
of Le =~ Stat dJO°N, which ia nn averagy valan far 
the twe senes, is uand fir tho flont 44-hemar pericad, 
Por tho secomi at-ne povd dbia was) ts abinout 
vatlrsly within the oaaterm computation gone nnd 
thay vali of 2, ~ 7lalegrooe in uned. Phe rrentite 
of tli eomantitions any midtented mm Gynce do. A 
cormtank valye of 2s 82 long. dey was nannnied 
for the Pete (ie, tho 7" Ob trangh orogeoman 
at the annie te owe the HME Wo trough) in orto 
that a 48 -heor portion sould be computed lor the 
Chat of-Alwko trough ff the tau Agia trougis bad 
heon namimod te remain alationary, 8 anustler cast. 
wart roation would dave Doon iolientaet far tho 
tinlf af Alaska trongh fr the aeeanel Y4-slour parted 

#44. ‘The rungs for tho eml uf the 44-hour pori- 
ii on th Innuncy 1051, rre ahown ts figured 46 
4g, nod dh Ut iy oviton’ that the bong wave baal 
norapidd onatwan! motion through tho pertod  Al- 
Mhonugl: the erlontathor with coment to thes mertedi 
ane of rome ol the fontires (pactivnlarly the Cilf- 
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wire 4y. Sea-level churt, 0300 GER, 15 Januery 1985 


nans-tean MOounh chart, O800 COT, 16 January 19Kt 
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Figure 44. Profile of the 18,W0-foot ountous at $00 mh, 19-15 January 1951. Quaal-vertionl Hien 
Copresmcat usajor Cvarrgh pool thoan, 
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of-Alaaka trough) changed, tha rovementa at the 
computation latitudns were reaaonably close ta the 
computed motions, The location and progressive 
motion of Ube long-wave pattern: are alan clearly 
down by the profile oa Ggure 4. 

#454. The ma-bevel maps abr a significant onet- 
ward motion of the farge antlieycione and of the 
major epobomie regions ma the uppes long-wave pat- 
heen mmavend toward the eset One af the moet in- 
teresting developmenta ia the appearance of s setice 
af promwied matocyelunes in a lee from merth bey 
eth cer wertern Noth Amernca which took 
plare ae the major ridge abet moved in from the 
flbf of Alaska over the edd air in the low bevels 
over the eoatinent.  Thie eitastic. « characteristw 
of the grorral type where the bung wavee am pro 
grewiee, iss Shat the mirlace aniiercioors amd cy 
cheno are well developed, amd Ure major troaghe 
nix rebges aid t sive princes) mand ommiy rerig- 
irda be: 

2S Ft be of pmbereet to compare Ube lohaeber 
nf the Seebour change fmilerna, whieh arm often 
yam in progiemde of the upper alr, with Ube: loony 
wave patiema [Nee fig 4) The we east com. 
pement of the motion af thee centers correspon, 
log cerlain ewtent, with the motion of the jong 
wavea: bet ihe morth-arcoth ese of thetr mo 
tad) depenie ca the fling of deepening of Ube ma- 
pee trraghe and mdgee Ae & rewnlt, the merverer! 
amd intensity changes af the change paiterie secsr, 
to he istegpuler 


2.7.8. Stathemary Lona-Wave Patterna, cnew 
cotabluiert, ueaally peemet for a gumber of days. 
The upper-air Sow aamociated with the long-wave 
patter: cotmiivuics gk steenng patiern for the 
senaliereocale  diwturhances ‘Theeee = arnall-erate 
trengbe sod ridges, with their associate) breight- 
change patterns and weak murfare syeterne reve: 
along in the flaw of the large-erale, long-wave pet- 
tere Aw athoes by Nawnies (O8t Pisdte [22], ecu 
otter, the ming teomghe intenaly aa they move 
throagh Ube teoghe of the bong wavew agit weaken 
ae vey mere throagh ibe rifges of the bog wavee 
The sume changre of intenesiy meer on thames 
weet tromghs of preamcre oenives whith arr Ameo. 
airi with inimor teenie Partly as w reali of the 
preecace of these amaler scale eystems, the teoughe 
ard ridges of the stationary long waves are often 
epresct out and hand te donate rexectiy. 

Ft. Tre arevation of 14°17 Deecuwnas 1680, 
he strew in Aguree Sei Io gure Sb the prewk m- 
inant curwet of weeterties is found ai midline ita 


i4 


tudea. A second, much weaker, surrent meanders 
aoroaa the map at mach higher latitudes. The ata- 
tionary wavs lenghh (figure ba) for the North 
Amercan arc! Atlantic seme fe 76 long. deg. at 
$0 45°N fa association with a maximum of the 
sonal wind. For the Pacific section of the map, 
the statiimeare wave Jemgth comlinee ty increnne 
for a conateratte distance perth of the maximum 
erat wind. The increase in dup to the preacrice of 
the earoi} weaker wind carrent af « higher latin 
acram Sakhalin acd the Bening Sea As isiticuterd 
hy the criterm checumend ins the Arprwpix, the 
value of 78 long. deg. which ie francd at the ladituese 
od maxpoum weet wind at 40 445°N) is the heat 
value for the stationary wave length This ie con 
firrarmd bie appearance cf the map, since the hell 
40°N to $5°N pore through the centes of the went 
winel sarrent 

B75.5. The Wentifieation asl measurement od 
the aetual long-wave pattern om 15 Deoemter ix 
ree diffierilt Usan in the previona eammpde, due bee 
the complex structure of the pattern pn tbe rev 
‘alt of the map However, the apace mann chart 
far 13 December, fygure fet, shows an easily identi 
fied long-wave patiern At the latuindes diwiimed 
bho, oe actual wave lengthe on 14 Doce 
are 74 long. deg in the Pacific and approvimately 
TO lang. deg. for the United Riates Both of time 
vahion moe fet ebyhtly bers than the wajuen of the 
Malionasy wave length. As indicated by the aleure 
fata, hith: medion whould he experted of the major 
tressghe im the mes 2 deya. 

97.58 The SObmb chart for 17 December 
1980 (hg. Se) shows « notatde samiknniy te the cnr 
fiw 15 Deceanber (RGN (ig. Sb: The major trough 
over eastern North America pe atell epread cut, ite 
loralian being difienit to specify ewer on ter 
Spon itveat chuwi jig. Sgi. The majir tzagh in 
the fealf of Aiaeke hee ont moved eed the mae 
Grewagh coves the aw of Japan hen mirogracterd wba 
tO hwy choy, The suapor snige ower North Amemeon 
ve oweell definet an beth rapa The enim trvagh 
seen smupermpeans ca the Pacihe majos rider on 
the Pith wea different from the cae in the ann 
place on the Pith, heth af which were moving rag 
ably maatward at rong tinw The eatery cher 
acter of the long-wave padtern through the pesind 
we erxdent from a rampanam of the two pare. 
paean charte (fige Sd and Sg: and from the pm. 
files of the (8 s6fifom, cogtour af SOO mi, abown 
ta figure fds 

27 ER Altivwgh ilith change oecure on the 
wppec-aar charte [ow thle perks! prognznewt etary 
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Figure 5b. WOemb chart, 00 COT, 168 Deonmber 1900. 
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Figure 6d. Space-meoan MQ-mb chert, 0000 CCD, 14 December 1980, 
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Figure 60. BOO0-1wb chart, 0400 GST, 
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27 Deoembor 1990, 


Figure 3f. Sen-level chart, 0080 GOT, 17 December 1980. 
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Figure ig. Spare-moenn SO-mb chart, O30) GET, 17 December 195d. 
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Figure ih. Profile of the 10,400-(t contours at 500 inh, §4-17 Deasinher £9%, 


A 


Peg Be unten 


a So 


a 
* 


aes” 
so 


Viqgure 61. 
lecteorles a 


72 foand at soa lavel aan renult of tho atrang flow 
aloft. In general, faroillos of wave oyalones oan 
he observed In tho Wert Atlantlo and West Paalfis, 
with « third faroily appearing bi the [Must Panitio 
by 47 December 1050 (fig. 69. in middle Inti- 
tudes, whore the nppor long-wave patiorn in found, 
under the manjor rldgos the surface aaticyclanes are 
atrong and tho trougha and lows aro feehlo. Under 
tho major troughs, particularly ow hair east aides, 
the revorso condition is found, i.6,, strong cyolaute 
activity, and little or uo anticyolonls activity. 

£.7.0.4. Ube trajoctorios af tia 4-ieaur leigot- 
change pattorns at 500 mb (fig. 61, follow the hand 
of inaxiintia wiid, traveling narth around the ma- 
jor ridges wad south around the inajor troughs. 
The upperflow pattorn in tia situation coanatitutes 
a atuble steoring puttorn. 


2.9.9. KRetrogreasion of Long Waves. A con- 
tinttouas eetrogrenaion of Jong-wave trougha, jo which 
the wave trougha are conaorved, le a raro event. 
The umal type of rotrogrosgion takes place in a 
discontinuous faahion whereby a major trangh 
weakens, nooclorates onstward, and in tranaforined 
into a minar trough, while a major wave trough 
forms to the woat of the farmer poaltion of the old 
one. New majeur trougha are generally facmed by 
the transformation of mise: trougha Into deap cole 
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B-hour 300-1hb height changes, GM OCT, 


eek: — ' 


17-18 PDenesnher 10M), with tra- 
change cantera, 


troughs. Hinoe the ald traugha arg woakening aul 
new anes developing durlig this aroovas, it would 
be Improper te attempt to apply equation (4) in 
a phase-velocity computation 


9.4.{. Equatian (3) doom indiento, however, the 
poealhillty of retragression and therefore fa useful 
in forscasting retragresslan, When tho actial wave 
length axcoeda the stationary wave tongth, a abart- 
oning of the wave longth ia to be expected. ‘Thore 
are two poswibllithes far this adjoatmont ‘The firnt 
in & retragreasion, an dosoribed above. ‘Tho svoond 
poaipillty ks that of an inereass in the wave ini. 
her, i.e., the farmation of a now major trough whiak 
is vet compeannatod for by the disappearance of in 
oldb one, romaltiog dit an increase an the mamber of 
majar troughs ia the circumpolar westechens (bi 
not always posable to forecust which of these two 
gsttes whl become an aotantity 


8.8. Retrogression (a seldom 4 
eet but asa rule appears to oceur waa Horie 
of retrograssiona in soveral of the long wavea, Ms 
atioation of the poriods of retrogroasion shows that 
retrogression gonoraily bogina In a quiasi-etationary 
long-wave train when the stationary wave leagth 
showa a significant decrease. ‘Thla oan happen ana 
remit of a deoreaae in aonsl wind spoml, or of vn 
xourhward ahift. of che ronal weatertien. 
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£4.38, Rome charactoriatloa of a retrogroraion re- 
ghine ans: 

a. Trajectories of 24-hour height-change pat- 
toran wt 600 nib db viate Crom: the Land of inaabousn 
wind. Now counters appear or cxiating ones rapidly 
insreane in intensity 

b. Rapid intensfeation of surlace cyclones to 
the woat of ealsting major trough positions, 
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6.4.4.0. AN BXAMELE OF THR IOTROGH ORION 
ruoceas ia shown on the mapa for the period 6-4 
Novenber 1953. (See figa. On-1) The 500-mb 
shart and apaco-nwan chart for ti Noveinber 1003 
(aon fige. Gn, Oo) show a long-wave pattern from 
Aala to tha Rocky Moustlas a with major bough 
In the weatern Pacific and extrouie Woatern United 
Htates, Tho trough at 146 -J80°H has been Guasi- 


Figure 6h. Ses-fevel abart, 0090 CCY, 6 November 1953. 


iain a ll Mik a Sy 


A on ‘ Av? 
| Aeias ‘ 


( 


) 


© ant 


~~ ee Nae 


cna meaty “Ny snes cgmeeentieeee Or pgs 8 ER, OO are - 


WORE 


SiS. Soar 


SSE TO! iow 


i 


a a a a oe 4 
1) 18 14 1@ 18 BO &@ 24 


"LATITUDE PER DAY 


Figure 6d. Zonal wind profile and etationa 
lengthe for 0800 GCT, 6 November 1968. 


ware 


stationary at thie poaltion saluce 2 November (hs. 
BSmall-arals treujjhe have boon inoving through the 
trough and this regime continuo throughout the 
example, (n the eaatern Pacdic the major trough 
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entering the U. 8. on & Navomber (933 haa bean 
progressing mluwly for sevoral days. (lg, 63), 

2.8.4.1. Cho stationary wave length far the 
Pasifie meotar ohtalned fram the sonal wind profile 
(fig. 6d) in BS long. deg. in the sone 36 40°N, which 
soinoides closoly with the poaltlon of the ourrent 
woatcrlies on the 6OOumb chart. The comprrison 
of atationary and actual wave longthe thon is 4, + 
88°, Low OF (Note that If the value of 87° at 
40-45°N wera elected for 1, the indication of 
retrogresaion would not be changed.) ‘Tho ineh- 
antad retengreedon oemin aulekly. The work 
traugh noar 155°W on 6 November 1053 leepens 
rapidly (fig. Oa) and oasumoa the role of a slow 
moving major trough by 7 WINS (faye 
the!. Ntationary wave lengths for 7 and 4 Novena 
ber 1063 wore 4 and $2 long. dog. respectively for 
the sene 45 40°N, ‘Pho ald imajor trongh loc its 
identity na it move iste the blocking situation 
aver oartern North Ainorieon (fig. 64). “The nen 
level oharia for 6-0 November (053 (figs. Oh, Of, 
6h), clearly show the rapid change of weathor ro- 
gins ever the eastern Pacifin and wealarn North 
Amorica (0.g., strong anticyclogenoala along UL 8 
Wont Coast), ‘the net amount of retrogremaion 
shown fram 6 to 8 Navemher 1068 armonala to 20 
dagrees at 500 inh, 

W.4.4.8 ‘The strong meridional flow pattern mt 
606 nt aver North America cantward to lnrope 
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Wigure 6F. Nes-level shart, 090 CT, 7 November 1985. 
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Figure th. Seastevel chart, 030 COT, 8 November 1983. 
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an $8 November 1062 isa good oxample of a few 
pattorn ta which equation (3) should not be 
applied, 


2.9. Increasing Wave Number. As meoutianed 
abave, whon the actual wave length expends the 
atntionacy wave Inngth santier retyuntnaau te che 
lung-wave pattern which oan oocnr ta the formation 
of aos nagar teoogh which te not coapounstol 
far by the dianppoarnes of an old trotgh. Chin 
Jevelapracnt ie offen asneciated with rotrogeea#on, 
Wher a change af wave qipbes i assoelator with 
retrogresaion, thn old miasjoe trongh prageeaace oul. 
ward with vattle or no weakening aa the new Crouph 
develops. A generat rule of nome vane la ne fol 
tuwe: If i oxeneda ©, by a small amount (og, 10 
long. ley oor ra), retrogieasion will ooour, Tf 2 
oxcoede Le by ow larger amount, the wave innber 
will invreane. Nameraua exceptiona to thin rule 
sap he finmd. ‘To forotast. tho exceptions clone 
attontion mneat be direeted to intousity changon vi 
the ald trough 

Stavt-term constant shsolute-vortleity — trajen- 
Lorins (ave Sect. PV) have been found pf nome vatie 
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Seattle of the 18,40 foot romtaad at 600 tnb, B & Neaveaiber (ONG. 
Croseghy paaditesna. 
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Sfuasi-vertinal Mone repressed ovajer { ) 
in ory ek: Intensity changes. ‘Phe poral of 
20°27 September 1052 aver onstern Atlantin and 
Kurasin illustrates no ohsage im wave pumbor aso- 
cretaad wath potrogremion, CM adaaplo vet cope 
dnemd ) 


ZAM. aeaveuweng Wave Mauasbes. A, 
fn the namber of ninjer troughs in a long-wave 6 pat 
torn oeonme in canmeetion with rapidly inerondng 
stahronmry avave lengthier, ueanthy nt the westertien 
townrd the vorth ‘There sen twa 
hie te tho “subhing 
HE of monajpos Crough as aloseribed ia Beaten FE am, 
per, ZEEE LEE Phe other poastbility ta the 
marked bling of no trough ouele that at ciseppenres 
er moyns Out as aoistor trough ‘he trough in 
whish thir precoa: oars ie nemntty ona which ta 
only nabhort distance Ginuslly low than 1/2) duwo- 
A eprotacnular 
exuopln of ss dlenemuw vi wave munber ty filling 
upoof a majer drough took place LS 17 Septambar 
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Figure 7, Proftte of the average heigit fia fret of the Mt-unb aurtace between UN ad 'MN"N, 
shows mee Nenotlen af lvagttiude, Navainbor 19s. 
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ib. CHANGES OF 


2.1. Forecasting Arpiitaders. Oui alality to 
predtot amplitude diangee of thie laa waven ia 
Hoh low than ene ability ta foroeaat thelr motion 
i Ther amiplitidorn are intinesemt ly pinaney enaogd 
rate! efferta from fentarera auch as the longiiadinal 
vatiatwin of ainphtide aad wave leagth (Reewshy 
(20), retafareameant ar weakoning pf the pattern 
ly farge-nele raciitain ofpeds (Cthharcey ane Wife 
wen (SJ), und daral conversion of potential ante 
kinetin energy (Charaey, 
min (OP) Vhote ie little donbt that the ayete 
nine forecaatiig of riplithdes will buve ta awnit 
0), 


Drocesaca Cri de recognizer acl Gawd ino ferent, 


PyGitolk aad vem Nove 


further romenrehy Crea gtr lheowever, a fow 


2.12.0, Propagation of Araplitade Changes 
Dawneatream.  Roamby (20), Yoho [36], t rennin 
{7}, and Stat! Members of the Caivenntty of Change 
183] have decoribod a procoae i which ne pronoucoed 
roloase al onorgy tioa trougis in follawed wen very 
short then hy fomnation andl itensiteation of 
wave paltern thwnatrania, They asocibe this type 
af dovenproont to the thoory thats “chisporaion of 
moorgy' dawnatroamn takea place at on speed opind 
to the group velomty (i.6., approximately twlee the 
mgood of the wena wid) of the wave gatternn Af 
though the colatioushipe botweon a rolonce of kinede 
energy daa drongh and the following formontica or 


PIPER ansiorse mtsenge ae. 
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AMPLGPTUDE OF THE LONG WAVES 


indanaitication af tho wave prttorn, has boon knew 
enminirlenlly to farorastare for many years, the ny 
plication tu the ntmonphere of the theory of the 
onorgy dispenon for forecasting, changed of anil 
trate in fill act well randoretoud Caen par 2.12 B. 
Nonetbelou, thls appliention of the Moseby ueory 
(20) haw verified consintently ensiigh to canaldor it 
nw good forecaating Loal. 
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vies 
brapagation have been dikenmwed by Cressman [7] 
igure 7, taken fosm bie paper (7), shows one of 
thous, On 2 Naaveretase 165, whon tho doopentng 
of trough A was baginning, the downatrean pat 
term wak poorly defined tlawever, ahartiy aftor 
trongh A begen to depen the rilge to ites ome. in 
fesmthied. ‘Thik wan followed in sieonamian bey the 
formation of trough A) the farmastion of m® ridjgay 
oaat of tropgh By owed tho dvopeniag of trample C. 
An shown by thin oamnpie, the requomd of avira 
whieh began with a leepeniing is North Armerivs 
cootinged nati a strong deepentiq, oeenrrend north 
ni dupan on few diya faster, Hooenthy Carlin [17] 
puldiahed the oromidta of anothor imitoreating enn 
thidy af the procea, A siaitlar prrooes: bat on} 
day mene charta, starting with a despening ta the 
Calf af Ahea, line boon doaerthed by Nanmina nied 
Mhapp fio] 


Paorples of bia pana of downatrense 
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( mented one tigre Nag 
example (fig 2), when di a laggy wave potters a 
prancanieed poagiiede increase eecirred in care nea. 
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Figure Bb. 


ee OE Me PERE BTS ’ 
.o- 
ee, Se ee 
cr 
‘ 
> 
’ 
a 
oe 
~, 
=o 


52 TF REE, RIN acts wre ee 


mr ore -r . -—= 
*% “sale ¥# 

= 
w¢ ¢ iy a 


$M eds cheort, OHM COTE, SF October 1969, 


* 


abaorved downatronns. Thin partiewtar eltuation 
was aneleoted partly besanae a auceeeful forecant 
othe amplitude changer tn tun serios wan made 
vi the TSAR Woather Centvsi, Att Wenther Bery- 
ice, from the abowe prloeiple. 
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The #00-int chart for 3 Ootober i040 (Hg. Bb) 
ehewa a prancunced major trongh aver the Atlantle 
Qoean, Downstream from this trough is n atrang 
sounl current. which flows through m= flat trough 
avey Aala ‘The prattarn over the weatern Atlantic 
and wosteri North Ameriek ig dy an advanord 
stage of s pronannoed amplitude incresso, as shawn 
hy the 48-hour charqe patteros (fig. 8a) Thin Is 
indiented parttoularly by the northerly poaltion of 
the nea eren over Labrador with respect to the fall 
wrea In the Atlantic. ‘The deepening in the At- 
Inntio continued antl 4 Ooteber 1940 (figa. Hd, Be) 
wheo the tanjor trough there attained ita groatent 
tlopth.  Flowever, by this thne a strang deepening 
liad alrowdy bogon aver northwest Ruma Dy & 
Ootobor a deep cotd-trongh waa completely do- 
voloned aver woatorn Tuasin (fig 8D. "The forma- 
Lien of an intenne eald law at the mirface between 
Moacow and Sverdlovak daring this period shorld 
iso be notnd (fig. 8g). 

Tha trorense of sunplitudon did not atop with the 
formation of the desp trough over western Rusada, 
hot was abasrved even farther downatroam., From 
fh to 7 Ootober 1949, a pronounced deepening of 
the next major trough, in the western Pacific, waa 
observed, 

212.9. ‘Tuy THBORY OF THR DOWNSTREAM DIB- 
PRRSIGN OF BNENQY aasnmen that tho atmosphere 
in vaaontlaily barotropic, However, there are other 
saund theoretical and observational reascns to ba- 
liavea that beroclinic affecta must be lnaluded to ex- 


EK. CHANGES OF SHAPE 


2.13. Mocking. Changoa In the general appear- 
ance or shape of the long waves, aa distinguished 
irom changes of pusities, usually aa the 
strietore af tbe brace sonal current changes. One 
type of change in observed whon nw aplit of the sonal 
uirront ocenra. If the split affeste a relatively 
limited aroa, wo blocking aitontian la aald to oxiat, 
na desorbed by Nambu [18], ex (26). rnd othors, 
Within the ares affeotod by the blocking, the long- 
wave pattorn po longer oxista. Ff the aplit of the 
xonnl enrront oecura on a hemispheric scale, as 
ileworibead hy Cressman [0], separate wave pattornn 
ean be found in each eurrent, having differnt wave 
length and phase relationships, (Bee sar, 2.14.3.) 
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2.14.0. Cut-off Low. A proces in commonly 
observed in which the narthern part of a major 
trough fila on or aacelerntes eastward, while the 


plain Intenaificaticn of the waves. Bnrociinic ot 
foota are avidenced in tho fact thas for saveras deo. 
ades fozscaatare have found It posable to antici- 
pate cortaln places and tira when the ampiitiude 
of the upper-flow pattern will incresas or decrease 
by noting sreaa of Indlonted advection of ware and 
cold alr. Vhia is observed when, in the mblidlo 
tropoaphere, the laotherm patie in out of plinae 
with the abreamlino pattern. Aa nn example, tn 
the case of a porth-south aymmetcio atecamline 
trough, where the inetherm trough Is fond wert 
of tho atroamlive trough, nn tnorease in eyclanie 
vorticity can be expocted ta the streaivdne tough. 
Similarly for ridges, If an inotherm ridga is found 
weet af n aymimctric north-aonth atroamline ridge, 
an ineroase in anticyelonle relative vortlelty ean be 
expected in the atroamline ridge. In other words, 
cold-sir advection la anseoiated with falling pres 
sures, and warm-air advection wilh rising preven res 
In the middie sad npper troposphore. 

The effeota of the haroclinity onn, ta nm corte 
extant, be conaidercd separately from the baro- 
tropia changes, at tlmow relnforcing and at diner 
opposing them. ‘There Is also the poralbility that 
bsrotropls offecia will ahange the olroulation pat- 
terns Bo an ta influence the eanditions under which 
potential onorgy in converted into kinetic energy, 
fe., “trigger” te baroolinlo effecta. In reosnt 
years these baroolinia offeota have been inourparate] 
into numerical forecasta made hy the we af nn nleo- 
tronlo canrputer [6], [37], (88). 


OF THE LONG WAVES 


southern part of the trongh shows ltttte shange in 
position and intensity. By this process a closed 
otdtow (left) ie formed in relatively iow Ini 
tudes. ‘This type of dovolopmont han bean calle! 
the cudlingwff process, with the formation of it 
cut-off low. Ao conmidernble amount of fitoratire 
oxiata on this mrbiect, og, EG} (86). 

e03.t. A striking example of the formation of a 
aot-off law (fig. 0), so given by Palinén [2!f On 
November 1046, a pranornced major trough was 
found along western Narth Amerloa, Thn muha. 
quant formation of the cold tow aver New Moaioo 
wan ronompaniad by a cotable weakening and onat- 
ward acceleration of the northern part af the troagh, 
This proces involves the adveation of high veluen 
of the alwchite vortioitv ont of the high latitides 
mito the law lativides At tha asiae tims the low 
farms in the xouth, the trough In the north weakera 
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$44.8. Ui haa boon obaorved (Crossman (7]) that 
thore jan diatlnct. tondancy for several of (hese eut- 
off lows to form at about the sume time at widely 
aoparatod plavexn on the hemisphers, ‘Phin oun be 
nasovlatod wita Lhe splitting of ww aonal ourrent on 
& homlaphoriwy noagle, ‘Uheso lowa inmrk the trough 
penitlona af the long-wave pattorn in the southoerp 
currook OL the aplitting and eystone formation 
avenr in rotatively low latitudna, og., ubant 40°N, 
tho lower-intitude onyrent would bo most intense 
wh or above 2OO mb, and would be largely ahocured 
wt TH nb At 700 mic the ont-adl lows wonld then 


anroar to be isolated cyclones witheut any pon 
neotig current, 

2.143. Tho dovolopmont of a apht in tha sonst 
chrrent of weaterlios, althor aver n amall aren oe an 
a homispherls scale will radicatty alter the stron 
tire of the tong waves Ab prerenit cbs nat powatibes 
(o farceant much nospht with any nimoant of acou- 
racy wntll it is aotnally under way. A possible tine 
of attack on thie prablem, baed oon thearoiiml 
work by Heewley (HO) has been published by Iteox 
[26[ but has nat yor bem tharonghly tested, (Boe 
wlac Choe atiggentiona in gar 2 (th) 


Hvar Gm LIMITATIONS AND APPLICATION 


2.15.0. Oragraphic Inthieneea, ‘Tho queation 
offen nrissa aa to whother or not certaln parte of 
the long-wave pattorn can lay eensilered aa “hoy” 
fontures, thelr location boing fixed hy tow-ievel 
adenold fields or by torralu. Several oxcallunt 
papers bearlog on thia subject have boon writteu 
hy bottle [0], Wilkin (94), Ntowart [$2], Charney 
nnd Magen [4], and Bolin [2] They hiave doman- 
xbratod that the Jargnr rollof fontiurea of the earth, 
lu partivular the Andos, the Raoky Mountaina and 
the PHinalayan-Cantral Aalatla plateaus tand to 
“anchor” ridgos ta the uppor-wind tietd ty the longi- 
tides corresponding to the regious of high aurfieo 
vlevadian, ‘The dinmnalona of the trough-and-ridgn 
pattory downstream depend on the atationury wave 
lungtt, Wilkina indicated that the Contrul Asian 
(latosta portiee the mek produced bopogragh 
val ofeet in the northorn lamisphere; and that if 
(19 wosterhes rre found at low onough latitudes to 
lapiage on the west alde of the plateau, the ridge 
winft, ta the north is extremely dependable. Lf tha 
weatorites aro found at higher tatindes, iho oifeeci. 
of (he pletona ia still important bat not quite so 
dependable, 

2.16.1. ‘Phe Influonee of the Rocky Montitisina in 
snowlat loss atrong than tlint of the Asinn pin 
loans, Whon tha tmaxtouin scanl flow is found in 
rolativedy Sow Intitices, poralatend sold troughs ave 
oocaatonally found over the BRoekins,  Flowever, If 
the raastimiun weaterlion are found in higher Inti- 
tution, the prosonees of nuouppor rldge he more do 
pendable. Tho offect af the Aatan pintonum te ofton 
ateony enough ta laript the longowsve pattone tn 
lta vicinity, wherors the nffeut of the Hoekies tn 
moat offen szaprasaed ina dnek of aymmutry of thn 
Jong wave ia that area, Thin will be obaseved: sus 
w temporary influence in flxing the appar rldge ovor 
ihe Rookies while the major troughe to the cant 


and ia tho wert move along. 


2.16.9. Tk ankangrr pirstcnry ANB MOT IM 
POITANS: DIMITATICOT EN THE AVPLICATION O8 LING: 
WAYK 'SRCUNIQUSM IN DAILY BONMKCARTING AIUMEH 
FROM VAR FACT THAT Th ATMORPHERR boRA Nar 
ALWAYH PMERMNT A MOURN DF A WILLAOGFINED 
YONAL CHIUGHNT HAVING QUABI-BINTAGIDAL PEMTIN- 
narions. ‘Tho trat atop hn tin foreoast routine, 
then, la to soloot the wares cn the upper-alr clusets 
where the setuel flow patter approaches tts 
model oan vrea whore there is a woll-definod sanal 
Gurront contniming maar Groughs wid ridges, For 
othes areas, which may bo eharactorizod by block- 
ing, wor exnimple, long-wave techniques are nat 
approprista, and othor tevhniquve to be dlacasied 
In athor parts of this manual moat be und, 


2.16.38. For oxumplo, the 800-mb chart for 2 
April t05$ (hy. 10), contains a atrong bell af wostar- 
Heg nt ld tatloyedes from contrat Avian theotah the 
western and coutral Proific. ‘Phere ja one major 
irongh over the casi coast of Aaias aid another and 
neawbeat WHS OW. dione ermtern Paothie the worter 
fea pha inde two chatioct carrenta, one at lagh wed 
nicothor at dow Intetuctos., Hoth bramchos are very 
weak western North Ameriea, A bioeking 
situation, as dethhed by Rox [25], oxlata aver this 
pron. fn this case s campndedion ef trough motion 
eon be pimle anceesstully on the tanjor trongh at 
WACW; but die to the large alteration ti the pat- 
tern downatroaimn fran thin aren, long-wavo toab- 
miquem should not be applied to the low off Cab- 
fornia of to the trongle ever eatera North Ayoorin 
The methods of fovecaating lonyawave motrin, aa de- 
arrthad preovoualy, ahold be conavdered an an tool te 
be used on ceriain recognizable typea of flow pattarna, 
Thotr indiaertatiaiie ise onondl spe of How pat 
tons will load toe durge poccontage of failaren, 
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Figure 10.) 500-mb chart, se GOT, 2 Ageth (9bt. 


G. NEW 


2.16.0 Trend of Research. ‘The sapld davel- 
opments tn tha field of namorlent weather predic. 
tion aliriag the lsat fow youn strongly miggowt thint 
in the near future foreenste af hurge-nenle flaw: pnt. 
terns (rad mnall-seale patterns) will bo prepared 
abjoctively either by the use of an electronic com- 
puter, or hy graphion! moana.  Fjdrtoft [11] hae 
Hone the pioneer wore in geaphionl raethods of 
Domortenl predictian, pontizing that the services 
and/or producta uf an oxpensive e@leotronia oam- 
putsr would not be availabie ta many firecanting 
stations for several yearn, 

Bie! Kytrtoft Method Section WEA (quar. 3.1 
6.8 below) disaieaesd the nee of thin grmphical meth: 
olin the forsenastiog af the conadie: acafe flaw pat- 
torna dn April £854, Pjortott demonstrated nt 
Hoadquarters, AWK, nn extension of thie method, 
whereby tneger-scalo  (leng-waeo) flow pintberos 
conld fa foremnat for poriode of 24 10 44 honra, Tf 
thie method ts xs svecomdul na preliminary toasts 
linve lmilented, thoae parta of the herein Cisousmsed 
long-wave forvensting technique whieh nre based 
on tha nao af the Hosaby equation will be out. 
tmded and replaced by more objicllve graphtoal 
metheds. A brief dewertption of the pravnduce for 
MyOrtoft's now imeathad follawa,  Detachmonta with 
sitfficloni facilities to eaperbuant with Gihe new ag 
proach are ancoutaged to do na. 
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TECHNIQUES INS LONG-WAVE FORECASTING 


#.10.8. Forecasting the Long-WWaven by the Fjdrtafl 
Graphical Technique, Foroasting af the long-wave 
pattern by graphleal rons consists of mapping 
tho nbavlute vorticity of the long-wave patter nnd 
ndveeting it ina suitably flow field. The advective- 
Hold bb bhtamed by constructing a apace-moan chart 
of the original Z-chart (pon para, 2.4.0), called « ed 

(‘dente dee-bar) chart, aon yg ow grid uso of 7 
ates! miles, and adding to the J a field wick 
acrounts far thy grid length, change of Corictia 
petetcta with latitude, and map protection The 
graphical stops are similar to thom uaed in con. 
airucung a Z-chart. (Np Appendix Vo) The addi- 
tional held, Afs, in added yraphientty to this 2 chuct. 
Af, ja onverinni with time, and can therefore be 
computed ona: arel for nll for tho mag projection 
used, ‘The follawing values are far the polar stereo. 
graphic projection and grid aia of 720 nati 
milns 

24.h°N 200 feet hain? 
S78°N — 400 fent- N20 °N 1000 feat. 
WOT YO fret. 70.5°N 1ANK) frat 

Noto thnt this field ia an east. to weat Mow-field 
whiele rerutia ta tedueny, and distortiag the A fald 
(Af -Seldf da pegligible for the small grid used in ab- 
talaing the 2-flow, and thorefare has heen egloctoct 


BOO foot 


(Continued on page 41) 
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MOTION OF THE SMALLER-SCALE SYSTIEMS IN 
MID-PROPOSPHERE 
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A. THE USE OF VOR TICTPY CHARTS 


2.0. Relative Varteity Charta. Chiurta af the 
rolailve vortielty ab 500 vd have praved usetad in 
the forecasting of the amaller-soale flow paattorna in 
inid-tropospbore during @ trial period of two yours, 
Tho prinelplo hivalved ia ono which haa been woll 
veatabllahed hy trials in numerien! prediction, unme- 
ly that tho majority of the changes ty these pattornn 
observed tn mld tropoaphere ean he accounted for 
by horlsontal advoction of absolute vartleiby, Far 
short (me perlods and saaall-scale systems (tis ala 
trie that the ndative vortloity In mid-troposphore 
can be troated aaa rolatively counorvative property 
Due to the presence of vertloal ahear in the atmor 
phen:, this ean he trio in the average fur one level 
only. Crenmuan (10) torad In bwo different aitun- 
tlons that lines af abwolute varticity (nes af reln- 
tive vorticity alao, jaa good approximation) moved 
with the following perceutages of the wind speod 
normal ta tha haves: 


7) nC) | ee? T) 


Canelaut premenure aaitaoo Cnty | i 
' 
{ 
37 Janmary HAs | } 
Meas movement of dines (percent | yal) 7a 1 mw 
Cf wornial whi speed) | | 
dtaniand daviniion (perceeatage; me A 
Htannland deviation of mean lper- is? | | 
Canlago), \ | | 
Nannber of meaanaromenta ul | 43 | ra 
18-80 June 1v68 | | 
Mean niovement af lea (per coat | [oe 
of normal wind apr) | 
Hiaodardt deviation (patomntage) 5 WM | 1h | th 
Htandan! deviation uf mania (per- 44 a6 va 
oenlage). 
Number of tesmarementa 34 4 ia 


Krom the abave data It cur be coudadod that 
tha vorticity lines qiave wlth approsimately the 


4 


mpoml oof the whid norvat te thent ab We aah, or 
with approximately SO percent af the SOO vai ave 
mal wind apead, A roconmmonded tuoeedare far 
galig the prtaclplo followa: 

no Analyain of the vo teity chart in bo wes 
pliahed quickly by graphical methods. Wlth ref 
orenee to the grid of figure 4, the relative vartiolty, 
f. can leo written as 

4y 
(2a 
fas 

where g Is the accoloraian of gravity, f ia the Cari- 
olin paramoter, d la tha grid sias (dlatance from 1 
to Al, and 2g (4, + Zn -+ Zo + Zv)/4. Uf tho 
onghit GF0U-mb oliart as aiisteacted graphtouily frou 
the space-meau (2) of the ane chart (seo Ap- 
pendix), the resulting quantity (2 -- Z), is ured as 
BK reprepenteiion of bse rabelive vasbicity. 

b. The movement of the relative vortietty or (2 — 
7) hnea te then giver by 40 poreont of the eompo- 
nenkoal che 6000nb wind normal ta the vorticity 
lines Caring the gooutroplins approximation to the 
Mb wind, the motion of the (% “) linen ean 
be calealnted fee there interssetiona with the b00- 
mb eoutoune (4 linesw) with the aid of a geostrophie 
wand sente,  ifowever, the only differance betwoon 
the Z lines and the Z lines i# the vorticity pattern 
(2 7), whle cannot advect ila! 1t follawn 
tharefoce that the vorticity lines ann alsa bo ad- 
vactol with BO poreeut of the whial eampanent on 
the Z oolart normal to the vordwty lies Tk in 
cuntotaary, bhorefore, to copy the vactinity patiacn 
(2 + Z) on the space-rmean (Z) chart, and to ome 
pute the epoal af the vortielky nos from thuir ti 
termechions with tho Z lives “Chin is Whatented in 
figure Th. ‘The apeed of the (2-2) line normed to 


Zu), 


Tied 


| 
. 
t 


? 


itself in obtained by using the geantraphie wind 
roslo on the distance oS, in oxumphs (aj. iO the 
sastward apend of the vorttolty dno da deaired, the 
goontropthio wind seate should be applied to the 
tlintanes S,, win oxample (hy). ‘Phe advantagna of 
uring the 2 dines to eoampute the matlon of the 
(2 4) Itnea ave. (1) the two sole of Nese ace ts 
nonile more perpondioular ta cach other than would 
be the ease if the % lines wero umed, and (2) the 2 
putters changes more alowly with time than the Z 
puttern, 
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Figure (1. Sechematio dlagranim of advectlon uf 
vortlolty nen. 


vo, Computationa of the movement of the (2 -- Z) 
‘ines at map time nan then be stare on tho chart. 


é i 
Hinow tho (2 — Z) lines characterise certain fon. 


turera of the flow pattorm on the 500-mb (2) chart, 
muh as troughs and ridges, highw and laws, those 
featurea will be moving with speeds almilar to those 
computed for the (2 — Z) tines. The use of tho 
sperd compated at map tine for n tine interval 
extending into the future i of caurke subjoot to 
changes in the Z chart. HWowevor, the 2 chart ts 
relatively xtubty, ehunging only alightly during 
moat. 24-hour periods, and to a good approximation 
the (2 — Z) lines oan be visualised as maving along 
thrangh noxtable Z pattern for periods up to 24 
hours, Moverneats in the 2 pattern refleet move- 
ments of the jong-wave pratterp, and in the caso of 
atationary long waves the 2 pattern ran be ean. 
sidered atutionary tor portodie in axcese of 24 houns, 


3.1.0. An Example. An oxample of ® scomputa- 
tlon with tha aid of a vortivity chart in ahown In 
figures Tae, Campnitations of the oastwart mo- 
tion of the (2 -— Z) inven amoolated with a b00-nb 
trough and low ure ontered on the apace-inoan and 
vertielly chart. The following oonalusiona can be 
drawn from the somputatiava iin this example: 


vl) ‘ho vortiolty lines on the wort aide of 
the trough aro moving eaatward mare mopldly than 
theses on the east alde af the trough, implying w 
shat, ning up af the trough. 


een oe 


Hols Ines are contours ol apace maen chack Iinebed Mnae are relative varfielty (2 8) Deen = Matton Indinatal @ in snute 


Figuce 180. Addvectiva of vortiolty Mena veatig apare-ameieas oteert at GO eb, OM H, 1A March LOR, 
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Figure (2b. 500-mb chart, OF CCT, 10 Marots 1988, 
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Figure (20, WO0-mb chart, 0800 GOT, 19 Marete 1969, 
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(2) The average of tha cconputations he- 
twoon 30° and 40°N, where tha maln part uf the 
trough je found ia 20 kiuda (iaward tho ovat), The 
averaye of the compntatiana letweon 40° and bOCN 
in 16 knota, ‘This differance in eastward apoed at 
the diffecont latitudes indicator a cortali anmount 
af ratation of the trough, 


S00. Tho MO-nb charts fer computation tro 
nnd for 24 hours later are rprduewd to shrew haw 
Ue conqputatioas verlfind, 


4.2. Erraurce. Some of the errors arialng fran the 
simplifying asmncptlons underly try, this mathod are 
ragetioned helow: 


8. Graphieat ar procedural orrors rondo ia the 
prowess of abtaming tla Z and (2 -— Z) vlwrta. 
Thoas enn be vllminated as the analyst besonton 
exparlenced In the oporstdcas, 


B. MOTION OF TROUGHS 
PETTERSSEN 


4.3.0. The Kquatian, Pettorasen [28] haa ar- 
rived at the equation far the acothac af trough anid 
ridges, 

t/ (h/20) A 


Caan, 
1 + (4/20h)) 
whore: 
Cenpend of the trou hor rdge than, 


Che wlad apeod al the trovgh or riitqe Hoe ti thes cores 
mf the Inc 


Benorthward variation of the Corlitls parameter, 
J, wave tength, and 
thes half-walldi of Jot. 


4.3.4. The trovgghe ead cilges af the leing-wave 
pattorn aro usually detenagined by pedi cd mtn. 
dm and tawximuin iatitude of the contours aa an 
upyes-air ohart. ‘They moy ales be detennined ley 
noaxioiim vurveture of the voaloure, Howe vor, 
when minue trougha anil ridges are superimposed 
ac the long-wave pattern, the reaultin,, analyals ls 
onaqplox, ‘The iainar ayatomne ara alwayr vbarac- 
ferised by maxbnai tdream|ne onrvature.  ‘Vhe 
formula giver. Ov Pecloraon waa derived to apydy 
ta tres feo cidgew) having nawxlinim curvature 
of ¢  strenolines, and not novewurily roicoing 
throngt pedis cf aslndmiane Coe macho) latitude 


b, rears in the vortinity analyala due ta the 
largo grid size ued. ‘Theas remilt In undereatlina- 
tion af relative vorticltles asmoolated whut strong 
horlaontal shear, Thay show yp moat often by 
lending to cyverestlination of the motion of avti- 
cyclones or ridgen whea stroag horizontal shear 
axlata sontt of tia jet. Nothing can be dens ahoat 
thin type af orrar accept Lo watch for tt, aa the grid 
wise le Hxod withln narrow limita by many coadid- 
ormtions 

o. Errors In the vortlolty analysia ang from 
errs In the original Memb rualysis. With the 
Sargy grid wise uaed, these are uamily act sortinn 
vides gross srrora oxlet Ji the originnl! (00-mb 
analyals, 

dd. Krrara In the forcoaat din ta tha uporablan 
of nonbarotrople procemen These affect the in- 
tancsihy of the vortilly pattarna, Init addom lave 
a algnifiearct Inflnenco an the apecd camputationa 
far abot porloda. 


AND RIDGES FROM THE 
EQUATION 


of the contours, In view of thin fant, the following 
sugyestians oan te offarcd far ite application 


a. If there are no minor troughea oc ridgoa 
miporimporsed on the tung-wave pattem, the oqna- 
tian may be applied to the long waves, alnua the 
major troughs and ridges are then oharacterlaed hy 
maximum curvature of the contours, 


b, Tf minor mywteme are miperimposad on the 
long-wave pattern, the oompuiations should be 
mado on tho superimposed minor trough or ridgen, 
and not on the major systema, For example, If 
thera jaw wide trong (as in often the cass with a 
alawly moving minjor trough) the streamlined aval 
ixotherme ahoulad lo curofully inapectod In he aren 
of the trough fur indlengions of ralnor trangha. The 
lautherins will often offer s good clae. Tf auoh sx 
minor trangh In found It ja the computatian an thie 
that shoud be atterapted, 

4.5.8. Trers. Tt hae boon found [10] that the 
Pettorawn equation givos the host remulta when ap- 
plled on the fO0-ne> charts. This alone does nat 
nocesaorily monic that SOQ rah Ian near the mean 
level of neu-divergence, but rathor that the total 
effpot of all the terra nawumed negligilde In the 
derivation la lowt car GOO mb Thia tk sahowa hy 
the average algolarnila (azstomatin) error Ctroughe 


and ridges Inelided tagetter) from a sainplo of 100 
conputations :* 


Aurises Average algahenie {ayetsinatia) erroe long ee sc 
700) raty —2.8 
800 nb 423.3 
100 wale AS.7 
$.3.4.4. Tho vartous parainetera weed in tho 


equatinn should be masmnired aa fallowa: 

a. The wave length, L, ia determined aa twice 
the distance from the traugh (ridgo) to be com- 
puted and the npetream rdgo (trough) In the jet 
niroam. Again, the necossity for careful selection 
of the propor aystems to bo need must ba empha- 
aised. Wor example, whon nomputing the motion 
of a trongh, ona abould go upatream along tin jet 
anct vhoow aa the ridge line the firat Ine of maxl- 
imum antieyolonio enrvature of the ateeamtines. 
The use of flat major ridges shonkd not be at- 
tampted. 

» ‘Phe latituds in that of the irough (ridge) 
line et the jot stream. 

6. The ovre apood, Ula the maximum wind 
speed of the Jat at the trough (ritgs) line, deter- 
mined aaa best estiniaie fram obasrved and gradi- 
ent winds, 

d. The half width, #, along the trongh (ridge) 
line, in the mean of the distances from the core of 
the jot to the points north and south of the jot 
when the wind speed firat dropa to a value of U//2. 
Tt la usually profitable to draw leotachs to cbtaln 
U aud Bs. 

6 The 24-hour displacernent in given along a 
line perpendicular to the trough (ridge) line, and 
pagilog Chrough the Jet stroara at the atartlig posi 
tion. Thla is usually a diatance along & woat-nant 
Xin. 

33.9.8 Tho boat remlte «il be obtainod if 
the trongba (ridgoa) to be computed are nelected 
aader the fullowing conditionn: 

a. Adequate upper-wind date are neceaaary. 

b. Ouly vases should be salocted where the 
atreamlines have « well-dafinal ainuaoidal pattern 
from tha trough (ridge) in queation for a dtatance of 
L/# upstream, Symmetry of wave longtha up and 
dowaetreain about the trough (ridge) is not re 
quired, 


° Ben Appondle lor nomogiam tae entation uf the equesen. 


ce A almple and fately aymmetrio velovity pro- 
file along the trough (ridge) line is necessary. Uf the 
velocity profile rlong the trough or ridge tine In 
complex, with more thao one maximum of apred, 
or with a notable Jack of syromotry, largo errors 
may reanit. 

8.3.2.3. A test of 187 troughs and ridges by 
Johanneseon and Crossman {16} has indleated that 
the following correctlona should be applied to the 
remlts of the computations; 

6. Deduct one longitude cegros per day from 
eaoh computation of trough epont. 

bh, Deduot thren fonglinde degroos per day 
from the computed rootion of each riige saat af 
the Rovky Menntains. 

0. Dentiot &° pat day fron the compntod mo- 
tlon of each ridge aver the Rockien, 

$.9.2.4, A furthor teat by Johannessen and 
Croseman on a new sample of 50 cases wan mada, 
Hora, tho oorrvctions indicated shove were opplled 
to the computations. The remilte aro niminarised 
In tha following table: 


No. of cama... .. . &@ 
Mean nbearvend apectl (lang. ideg. /day). 4 
Maan absolute error of computed spret 
(hong, dag. /day).e. ccc cece 438 
Mean error of an extrapolation forecnst 
(kerng. tlog. /day) 5.5 


3.3.8, Cono.ustons. tt can be seen from the 
above resulta that the equation of Pettorssen given 
good results when the troughs and ridges to be 
compuiad ave aeiociand carefully, and whon sae 
quate data ore available. Tho atrlot data reqnitv- 
monta for thla type of computation Hmlt ita effec- 
tive uae to the arca of the Untied Statos, and pow) 
bly weatern Kurope, where good ctate aro available 
‘There ts no real conflict betwoen the equations of 
Pottorsaon and Rossby, Inaenuch ne ench da naeful 
hoder certala spoctfied conditions, and for certain 
purpoaes, as described cartier, ‘The Rossby equa- 
tion is sultable where the data ars not so compote, 
1.e., over ocoanio arenas a8 well as over lanul, but will 
not give such & detailed foreenat an the Dot terssen 
equation, giving oniy the long-wave motions. The 
Petterson equation may be regarded aa a more 
aoonrate axtansion of Rossby'n work, applicable 
whore rellned data pormit its use. 
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CONSTANT ABSOLUTE-VORTICITY TRAJECTORIES 


et ta 


4.0. Definithon, Tho horisovtal — trajectory 
taken hy aa air parcel when ita absolute vurtloity 
ie wouserved (i.a,, the ralative vortlaity uhanges 
ody when thy Cortlls paramotor is olaigged) Is 
defined asin Cunatant Absolvte-Vortiaty Trajectory 
(CAVE). ‘Those trajeetorion une ecamputed from 
the anim farm of the varticity equation aa la aved 
in doriving the loag-way  nquntion, 


4.1. Relation to Lang - Wave ‘Tochaiques. 
SiG66 conntaat nlwolite-vortinity Geajectorios aul 
tho long-wave furennating toctathpes are based on 
the anme prhwiple, they amally glve similar results 
when applied to a forecast peahlem. However, the 
computation of Individual trajectorioa onan be made 
he mors complloated pattern thare thom to which 
the long-wave techniques wan bo applied, partioa- 
larly in the Irregular patierns whore wave length 
ean hardly be detined. The baalo theary of constant 
absolute-vorticity trajoctorics hag been aurnmarised 
by itaesby ]2e), 


4.2. Choice af Level. Agaln tho quostian of 
Line vorbiuat eto proweub aa the woalearlion asus be 
soraidered, Tt as evidont that in the utaosphere 
wave apoed and waveloagth are calatively coostant. 
with height, whores the wind speed inerowaon with 
height. ‘The same rcasoning npplica here as was 
used in tla application of equation (3) far thy loag 
warns, Mineo the mean lavel of aon-divergmnane is 
near the (00-nb surfave, the wind apres at 600 
mb should be applicable. in a comprehensive 
wlinly of tenjoctoriva, Maite [12] didioated that the 
16,000-foot whids (about O00 mb) were probably 
the oat auitable far ase lie tho eouputationa. 

Ananining tha wind gsnornily inoreasna with 
hoght, aud the agen af the trougha and rldgea are 
canontially vortical above 700 ih, tlda result moann 
that tho levol of nop-divergoioe and dle heel vori- 
tloatlan of tin trajsotorien ia to he found sure 
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where abuve 10,000 feat. tin view of tae work af 
Fults and Nawlaa and Clapp 20) approximately 
(OX) inh seman to be the lovel fron whirk winda 
should be selected for trajectory vumputation, fia 
practice, howeyur, there winds are vatimated by 
selooting the inital point far computation at bOU 
mb anal dedacthg: orarlfth from the GO0-mb wind 
apewd, ‘Thin la justified hey the fact that the lroc 
thor of the winds at 600 inb varies only vory alight 
ly frou Chast at S00 mb tn the pranuaeed carreras 
whoro trajecturion are ta be coaquited (ee pera 44b 
below); and by the faet that to modorata or strong 
tropospherle ourronts the wind apoed at 600) mb 
avorages vory close to 80% of the apeed at 500 md, 


4.8. Selection af Initial Point for Camputa- 
tlon of Canstant-Vorticity Trajectories, ‘This 
in the step apon whlob soocess or failure af Lhe re- 
autta oftan depondsa. ‘The oonrditiona for ita soloo- 
tian are as follawa: 


& The herizontal shoar vt the initial paint 
ahoould te vero, ‘This voadition ls novossary be- 
cauve in the computations the relative vortlelty: is 
axauined tube due entirely to tho curvatore of the 
stroamlivcen, ‘Tha vortivity ehart desuribad in Sec 
Hon TPA in fresqiently useful in dotermindig Chin 
eonhition, 

b. The winds at the poit soiectal should: he 
vilunted mn well-defined current, amd whavle be at 
lonst 25 Kuots in speed, ‘Chis in socesiary sine the 
wind aposd ia asmired to be conabturt in the tra- 
jortary conputations. If a well-tatined crcrrent. is 
ined the poaihility af tin decay during thy forneast. 
period ts et a inlpdvan. 


6. ‘The thinitatians of the computation nathoda 
generally nvattabio reatriot, the pointes of thas tra- 
jootory computations to laflostian polite of the 
utroamilues, ‘Vhie aonditian together with the drat 
two nonditienda can then be eombluet us say that 


89 


the intisal point for a computotion ahould be aalacted 
tn the canter af and at an inflechon point af a well 
defined current, 


Hoveral couputation mathods have been paib- 
lished. Mast inethods livolve a oortain umeunt of 
error arling from various eiaplifylug saaumptions 
vhlob are made, The use of tablos ar slide enlos 
constructed for trajectoriea una that parth given 
fairly noourate poraputetionn for inkl Inthoacess 
for porlods ap to 46 hours Speelal eamputern or 
correction graphs sheald be used for high latitudes 
und longer porloda (13) (4p dt la found that the 
tlow of icin the atmoarhere diffors fram constant- 
vurtloity pathe more than the approdmate nom 
putations sto. Thin does not lemon the doalrability 
nf atarlng from accurate computations. 

A torehaolent chereatial annlyser ('wlygle- 
wagen) haa been ranatruotad by Oh 1. Wobun 
whiol plote seourate conatanl-vortinity trajeotarina 
for a ephorioal onrth dirently ae a map, bat thin 
apparalias la not generally available, ‘The ‘Tautanea 
given in AWBTR 100-00 wore compnted with the 
ald uf tives veanputer and are recommmonded as being 
the most wonurate avallalds and the mont cou- 
veniont for use, 


| 4.4.0. Mothodsa of Using Constant-Vortlolty 
| 
i 


Tralectorlos. Thore aro several, ‘Tho first and 
invat dimebt method ia to plot trajectorica from an 
many atarting polnta as posable and then to use 
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Ube whida diterpoluted from the tesjectories for the 
foreonat thine dio ale preparation of a prognostlo 
chart. In vorifyitg ine resalte it la gonorally found 
that the wine dtrestian wilh vernty aarn closely 
than the wiad apeed. ‘Phin ean be exphuoed partly 
by the Swot thav tha wave ieagth of the teajeotury 
will verify betier thaa the amyjditiale aod partly 
by the fact, tat on nay appernir chact wind speed 
virion more rapldly in the herinontal than wind 
direction, 

4.4.0, AN weaMeti ab thin praccdure is given ia 
figure 138, Due te the reatricGione governing olan 
tlon of ther aterting paista, ouly aoc or seven trie 
fectorloa emnld be somyparted from this map. OQuly 
four of chews ronaied on the ninge far a dt-bour 
porlod, Lh oan be noon that these four brajeatorion 
are unt enoagh to yield suifieicat reformation te 
draw a progpostin chart; bat they uo give foreorat 
wiide with whieh aw progostin vhart, who ren 
atrnotend, should bo rande ce agrer, 

4.4.8 Anovioe ven of the trajectories ta Hine 
trated In the name figure Tos times at wlaeh the 
trajrotoripe pans polite dd waxiaum and minizaum 
latitude fix farecasta af ridge- and teanghedlie powi- 
tlona at thane times, giving a moasure of ridge and 
trough inevenunidt. 

It ehontd be ated tHiat in the above example 
there waa a good (low of woateriiag across the map. 
Himilarly aiconmfnl veriflostions will not bo ub- 
gorved if the fureoast trajectories run through a 
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Figure 18. 80Gank chart, 100 COV, a7 MMaroh 1960, 
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Intge aron cf alagnant clroulation or ann area of 
tdooking., Tf foceeast Gajeetorion front mn wall: 
developed ourrent entor and pret through eqeh an 
Aaron oi aeverkd auoeosaive mages, oo should ox pect 
nw peocotration of the woaterly ourvont Inta the stay 
nant or bloeking area, ‘Tina ponetration wilt oocur 
ln npproxdimatoly the mune pdaoy na tndiewted by 
the trajectoripa, but at a slower rato. 


4.4. Applicability. Slnee the ccanpitation of 
thas trajortarion is bnaead on the same principle im 
the Jong-wrave tedloviquen cdeaorihed oarllor, J ta to 


(Continued from page $85) 
in Seetion PITAL) A reprewentation of Wer absolute- 
varticlty-fietd ja now ublained by aubtracting the 
2-field trom tho 2 4 Afetiold. ‘The advection of 
this vorticity fleld by 100%, (tentative valos) of 
the 24 Mytiold indienten the mation af the Jeng: 
wavo fontures. Advection ix comprited for 24 and / 
or 48 hours ‘Chie advection ia baw cn the aa 
mimotion that the Z-fleld varies vory slowly with 
thie, The holglt-protile chart (para. 2.6) of a 


ho oapoctod that approximately atinilar reaglia can 
he obtained froma the nae of both methods. Hove 
over, It woald not he proper to conchide that one 
of the other qethod an aipsriivena  Kather, the 
rompttation of a number of constant-verticily 

drajoctorion coc G taap provides a& conveniont chock 
an the resulta frore the long-wive anntyala Ong is 
never sa confident ina forcast by any mettead that 
ia nob doaimble, Alo, na mentionvd provi- 

onaly, constant vorticity Urnjacdonea oar be apqehiod 
Komoewhat more widely thas the long wave mathady 


w chook 


Z-contour could be need aan chock on ta AMULET 
tion Att approximation af the forecast long-wave 
patton ie obtained by adding the Z ot My-field tn 
the foreraat vorticity pattern, 2 IAG de RED sete, 

Tho motion of deougha and cldgea of tho long- 
wave pattern aro detariained by a eonipariaon of 
the magnitudes of tho 2. and My-tlow flelda:  ata- 
fanury, Z-field equaln My-tleld; retrogreanion, Z- 
field lesa than Afyfiotd; progression, Z-flold greater 
than My-field, 
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AL, Wire 
Length and Zonal Wind Spoed.*  Aftor the 
nectar for eomptintion haa heer designated, the 
hoight and Ganpernstare of the 60anb aurface cad 
hoe tabulated separately at the iiterarotions of the 
Jntiturde cirelen (every 8°) and the ciridianda (every 
10°53, Shono data thea yleld, after averaging along 
Sho latitude elrolea, the average height and tae 
porature af the HOOanb surfaoe for eaele 6% dabitade 
nirelo withthe the sector selected, An exarniple al 
the height tabulation far nector 2O°W TGASW tn 
Nyure 4a te histeated in figure AD. 

AZ.t, The equation of state and the lydrastatio 
mypuation, when corsbined, give the reault that 

Afiann = MAgoo ~ RAT sos 

where XP aoe oe Che differences in Colaina (Conte 
grade) degronn between Che average Conrmporatare 


Caomputitlons of  Stotlenory 


PY APO 00 aercetaney 


thong on latitude circle aid tho mverge temporn- 
tare alang a second latitude nisele 6° farther south 
(northward decrease of tamporature giving posltiva 
veluon). ‘Phe quantities Ahaoo sud Mgos are the dif- 
foronces of the averago heights in feet along Chars firas 
and second latitude circles at 600 mb aud 600 mb 
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Figure Al, Height tabulation saoheme need at UNAF 
eather Contes! ino oosmputing Zonal Wind Cans 
ponents and Stationary Wave Length. 
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“The genetevgedles weet wins covneonend OF given ase banetdots of tho kelght iDifarance aden Nee ilogsoen al taciniie for diMernon abbas vatioe (olentiog 


Gieostrophte wind -gragh. 


* Thee osmputedianes have heon transnibtad is @ regular bowe from aie (INAE Waeathar Canteoi tie sevnral yoarn 
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tsapectively (northward ilsersage of finighta giving 
powilive vahuos). ‘Pia relation nasumesa that the 
merillonal temperature gradiont at 500 mb la the 
aamée na the meridional temperature gradient av 
erayodl between OO mb and SOO mb, a geod as- 
RUEAp Lian, 

AL#. From the above equatian and from the 
hetght and tampornture averngoe at 4° Intitude 
intervals ot 600 sb, tho holght averages at WOO inh 


for 6° intervala are ahtalnod. Thea valica are 
entered ota the geoatrophic wiid-graph (fig. AQ) 
to give the average GO0-inb geastripnls west-wind 
eamponent at 6° dativede intervals ‘Tho weat- 
wint component in given in unita of latitude de- 
groan per day (unite of 00 nautical miles), The 
valuoa of atationary wave dength In longitude dw 
green can be obtained by entering the values of 
Aken into Agure Ad. 


QE TERMINATION OF BTATIONARY WAVE LENGTH 
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loose of the average hetghe dlffercnce noresn $" 
of Mathteade (aA) nore) af hie larttade, 
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ALS. Vine Bdlowing oxanmple ia postulated to 
Whuatrate the various possthilities enouuntored in 
meking then compudationn. 
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At4. ‘Tho vonputations aharht ba made aver n 
ring of latitudes whinh inehidos tho helt af wretar- 
lion, ‘The vatuee af 1, in those latiiiade banda can 
thea he umed far determination of tho stationary 
wave fength, Tho vahisn af woat-whid apood should 
he plotted! In a muilahia graph (aoe figuee 45, anid 
conmented by a amooth curve. The maximum valio 
af alationary wave longth will ordinarily be found 
ntoar jumt north ac the wane laditude as din inaxi- 
mum wostewind apeed, "Shia maxtmiuimn vahio ta 
thon the representative atationary wave length for 
the west-wind current. On some occasions, a woak 
necondary current of weatoriiog to the north af the 
moat prominent ourrent will have tho result af 
flatiesing tho maximum on the west-wind profilo. 
In wreh a sitnation the stationary wave lenge will 
increase northward, cunmidvrably vorth of the bat: 
tude of nusximunm weretertion, When uite oceurs, 
the representative visiue of 2. can be obtained fren 
the (co gone corresponding to the maximenin car the 
wind profile and fa tho eonter of the wert-wiiul 
current ou the nanps, 


A2.0. Computation of the Wave Spoed. fn 
the coordinate ayetea of figuin Ad, the nxea of 
which are the wave length and Intiante, the carves 
af Ale fie? an unt pf longitude togreen pec day 
have heen entered. ft te then evident tram eqan 
thin 4) bet the upend oo af a wave in Jongitude 
degreas por uuy can be ahtamed by auitimation of 
tha vale of Al! /te? fen fA /daS when 2. han 
bean abtahind as detoribed pravicualy, end t. haa 
heen measured from the Stank chart at the lati 
tude vorrespunding ta the one at whick 1, was 


actected. Tha weve «peed then applies at the com 
pubetinn tatitide, 


WAVE SPLED COMPUTATION 
1 DERREES LONGITUCE PEA BAY 
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Figure A4, Dlsgrain for detecuination of wave 


rene, 


Att. Whon the mation af a major trough is ile 
miro, orxperionee haa shown that the ie uf ths 
wave longth to the noxt major trough tpatronm wit 
give the heat roaulte, 


A3.0. Coaatruction of the Spare-Mowa and 
Vordeity Charts. With ceferonea to figire doin 
the text, the procedure consinta of first: averaging 
the sharta ventana at A and Co hy addy grayh- 
irally and dividing by two (aes AWSM t05-50 /2) 
to obtain an teft-to-right. (horizontal) avernge, and 
then averaging the eharta centered at D and J} for 
a vertion! averago (at right anglos to tho left-ta- 
right average). ‘Tho rewulting honzontaily and 
vertinally averaged charts are thon averaged ta ate 
tain the Z chart, ‘The ateps in detail follow : 


a Copy the Mab chart (referred ta hetow 
ned), whieh hina been enrefully analysed with con 
tanra at 2OO-Lt intorvala, of an acetate (1) 

bh. Over the 5O00-mb chart place the sembiaie 
capy daglacod woindence Gf 726 unutival milos ta 
the right. Place niather acetate (HEE) over thean, 
horisnntally conteroad between them, On fib draw 
sootoire at 2O0-fG Interval representing the sey - 
omge of Fo aod Hope iliqplanad. Bave Chart TE, 
wiieb noprwmenta the hurizantal average 

6. Tako Chart t again and place ita copy, UH, 
llaglaved hia tinin te diatanne af 720 nantinonl mites 
mt. right aniglern ta the dlaplacmment in atep bo Vlace 
another neetate (PV) over these, eentorcd batweon 


thems. nn TY diaw eontours af BOOT infervnla 


v had 
’ “s 
; 1 


ropromntiiag, the average of toand tb as diaplaced 
‘Vids representa tle verbounl avoage, 

qd. Conter Chart EV aa Chart Tat, withors ain 
placement, Place nm clonn aentste (V) aver tliene 
nod irrw contaure at OGL Gatocvale copcenmeedtang 
the averngo of Charis Hb wad EV. ‘Thin in the sle- 
air apnee monte edie 

© ‘tho relative vertioity ehurt, (2 -- Z) chan, 
ie abtalnod dry osadvrneting the atartiug O0Qemh 
chart frone She apneeinean olort. be te helpful te 
fat areowa on thie (é Z) Aine tliventeel ac that 
laghor vation tle wo the left, tndicating the sone of 
thin flow. 


AtQ. Setvtian of Pottcranca’s Wave-Speed 
Capaatican A aormogrnplae nadiution of Met terme 
wae aqoud formiuide [25] Tina Leon gaepared ley tr, 
ROOD Pletcher tec cdivinte longthy compatationas 
Thin graphy Qgure AS, centatos all mdtutions of the 
equatiin withiy what it cadsideced i range of me 
doarctoyaiend variables euliciontly wide fia narininl 
progam Wave lergtha ag tec OOXK) nardiont miilen 
nre sonshlored, at are valued + (suglo of iuelinn- 
sou of wownvoe axis from a my vee cee Ae, 
Sinco the wind-apoed rauge ¢ weed coveta npecda 
betsecen WO kouta frean the cant and neo de 200 
knots Tram thre weet, tt os evident that seduteans 
caw be obtuite! for most current-oore nitintions. 

AAD. Where averlaid with ni acetate, the namo 
griph foc wave-apeod cenleuiatian may be iad 14 
festbowes 


b. The wave length, 2, monsnid i teria of 


wither nautical cuales or Intitidoe degroos, le inoated 
on the top sonle. 

b. A wnx-poneil Goe is drawn downward to the 
alupting Tine fabeliod O° PE the wave nals tilts ap- 
peceinbly from the aesidiana, the wie peaeit hae 
movoutinded dawned a bit catil ad reseehes the 
Tt ene be seen tint 
Mor rot. 


y ine corresapeading to the wilt 
the effeeta cd tit are colatively small 
(irpowerd neceptable neenerey is olitniaed Tey nae 
aineang vere Git, "Phig waa done lo the text (Seo 
Hor FEEPD, where the Gilt pararaeter waa mat dis 
vopencat 

4, Phe wea peaeil boo da then cocttaaad left 
ward to Lhe appropriate & lie ab Intitude, 

A. The was janet! nie ther me drawa stown- 
worl wedi ii reached thes proper wine apeed, whied 
aexqenanad ta igiola on tia diaprias 

© ‘Phe dine again is exdiendoed to wear left to tle: 


eppragriate wane af 1/8. Tle OR paaaneter as 


Mé 


dimensionios, whoned it muat bo remerabeca! that 
Hoinuat be exproased ti the anime length anita as J. 
(Lt ahould las isted that the wave speed ia senultivs 
to the vahio of 1/8 Also whea #7 ia Infitate, the 
Motteraon equation recives to the Roanby eqan- 
tian (1).) 

f. To abtain the wave-apeed, in unite uf elthear 
knedeoor Intitude dngrees par dny: 

(1) Uf the was-pensil lina Hes below Vie exis 
laiollesd “Rintianary Wave, it ta estonatod uyreurd 
ta the wind-apesd neale, on whieh the mpeadt ia ox 
proased in vithor kieota or Intitucte degrees per day 
In thin one the computed dircelian of wave inave- 
aon in caadward, 

(2) If tho wax-poneil dine lier above the 
idatiagney wave nxia, dh da eatended cownwanl to 
the wintd-apecd scale. There, tho ronyartad direetioe 
of wrive mevoraient is westiared 


AAS. Th map distances are inenaired In intta uf 
Jongitinte cbugreen, alidesrule ca tabular competi 
than can Ver emplaved fer senyerden to nulta ef 
int degrova,  thewever, the upper partion af 
they. aph ent ale be aad, shige tli dlstaios of 
aw hagitude degroe equals the distance af one 
atitude degree rrultiplled by tho eoalne of the 
Inticde (tho top part af the nemogreyds in aingdy 
a graphival maltipiientiar of dintanced by com @) 
‘Tho graphleal procedure In an followa: 

a. On the top “Latitude Degrees" scale locate 
the number of longitude dagrees and extend a wax- 
penell lina dawn to the 0°-line, 

bh. Dinw tho bnn leftward ta the appropriate 
latitucte fine then earry it downward again to the 
0° Sine, 

0. Extend the wax-pouell line again to ihe 
appreaqa@inte fatitude Rae, tla carry it upward to 
the tap neste, widek now will yive the tamber of 
latitude degrees (at the pertinevct betitiade: equal 
i@dength to the mirnber of toqgitude degeens aca 
nredbon Lhe ranp. 

Aj Achtitseont length 
faclore ane ie follow: 


anh apeed conversion 


length Hoend 
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